Abstract. We focussed on the influence of historical fire and varied fire management practices on the structure of globally endangered pine rockland ecosystems on two adjacent islands in the Florida Keys: Big Pine Key and No Name Key. We reconstructed fire history in two stands from fire scars on South Florida slash pines (Pinus elliottii Engelm. var. densa Little & Dor.) that were accurately dated using dendrochronology, and quantified stand structure to infer successional trajectories. Fire regimes on Big
Introduction
Recurring fire is a key influence on the structure and dynamics of North American plant communities (Harper 1911; Chapman 1932; White 1979; Wright and Bailey 1982) . In many boreal and high elevation communities, fire regimes range between two extremes: low severity surface fires that occur every few years (e.g. Heyerdahl et al. 2001; Sakulich and Taylor 2007) and high severity crown fires that occur on multi-decadal to century time scales (e.g. Romme 1982; Veblen et al. 1991; Kipfmueller and Baker 2000; Weir et al. 2000) . In these systems, infrequent high severity fires are stand-replacing events that initiate succession (Oliver 1980; Pickett and White 1985) . Many plant communities in the south-eastern United States, however, developed with frequent wildfire, and secondary succession occurs in the absence of this disturbance (Garren 1943; Wade et al. 1980; Snyder 1991; Gilliam and Platt 1999) .
Pine rockland is an endangered ecosystem unique to the Bahamas and South Florida, USA (Noss et al. 1995) . Within South Florida, they occur in three areas: Everglades National Park, Big Cypress National Preserve and the lower Florida Keys (LFK). These subtropical pine forests, dominated by South Florida slash pine (Pinus elliottii Engelm. var. densa Little & Dorman.; hereafter slash pine), once covered a vast contiguous area of over 75 000 ha, but fire suppression and agricultural and residential development during the 20th century fragmented and reduced the original range by 90% (Snyder et al. 1990 ).
In the LFK, most pine rocklands are located within the National Key Deer Refuge (NKDR), which is managed by the United States Fish and Wildlife Service (USFWS). Fire is an important component in these communities as it prevents the invasion of hardwoods, maintains the presence of endemic herbaceous flora and maintains habitat for the endangered Key deer (Odocoileus virginianus clavium) (Alexander 1967; Snyder et al. 1990) . The documented successional pattern in pine rocklands in the absence of fire is a transition from an open canopy pine forest to a closed canopy, tropical hardwood forest (Simpson 1920; Alexander 1967; Alexander and Dickson 1972) .
Dendroecological techniques can reveal the disturbance history of a forest stand (e.g. Abrams et al. 1995; Abrams and Orwig 1996; Nowacki and Abrams 1997; Druckenbrod 2005) , including the spatial and temporal variability of past fires (e.g. Savage 1991; Brown and Sieg 1996; Swetnam and Betancourt 1998; Swetnam et al. 1999; Grissino-Mayer and Swetnam 2000; Veblen et al. 2000; Taylor and Skinner 2003) . Previous dendroecological and related research in the southeastern USA showed that old-growth longleaf pine (Pinus palustris) savannas developed under frequent, low-intensity surface fires (Platt et al. 1988; Frost 1993; Platt and Rathbun 1993) . However, the historical role of fire in the development of pine rocklands of South Florida has yet to be documented, in part because the suitability of slash pine for dendroecological studies was only recently established (Harley et al. 2011) .
Since the establishment of the NKDR in 1957, management included the suppression of all wildfires (Bergh and Wisby 1996) , and the characteristics of the historical fire regimes (e.g. frequency, season, spatial extent) in these communities are unclear. Taylor (1981) and Snyder (1986) suggested, based on observations and written fire reports, that pine rocklands experienced low-severity surface fires approximately once every decade, and Snyder et al. (1990) suggested the mean interval between historical fires ranged from 2 to 15 years. Fire events before the 1950s were not documented (Bergh and Wisby 1996) . Since the establishment of the NKDR, prescribed fire in the LFK has been applied inconsistently, with fire sizes and return intervals that vary across islands (Bergh and Wisby 1996) , resulting in a diversity of stand structures reflecting different stages of development (Sah et al. 2006) . The effects of historical fire and varied fire management practices on the age structure and patterns of tree growth are unknown.
We recently discovered that slash pine, the southernmost native pine in the United States and the foundation species of pine rockland communities, produces consistently annual growth rings in the LFK (Harley et al. 2011) , making possible detailed dendroecological studies of stand age structure and disturbance history. Myers (2010) provided a conceptual ecological model for pine rocklands in the NKDR that included three seral stages: early-, mid-and late-seral (Fig. 1 ). In this model, each seral stage represents the degree of change in vegetation structure, development, or composition in the absence of fire. Our goal was to compare how historical fire disturbance and varied fire management practices influenced stand structure at two sites on adjacent islands that differed in seral stage: Big Pine Key (early-seral habitat) and No Name Key (late-seral habitat). We addressed four primary questions with our reconstructions of past fires and stand structure: (1) what were the characteristics of the historical fire regimes in the LFK, and did fire regimes differ across islands? We were specifically interested in analysing differences in mean fire return interval, fire season and relative spatial extent between study sites on Big Pine Key and No Name Key, and because Big Pine Key is the larger of the two islands, we expected to find a higher frequency of fires. (2) Did fire regimes change during the 20th century after the establishment of the NKDR? We expected to find that fires occurred more frequently and were more widespread before the establishment of the NKDR in 1957. (3) How have the historical fire regimes and varied fire management practices since establishment of the NKDR affected the stand structure of the two sites? We expected to find that tree age structures show evidence that recruitment was continuous and related to fire-prone periods. Because our study site on Big Pine Key was characterised as early-seral, we expected to discover more regeneration and more recent recruitment (within the past few decades) than at No Name Key, which was characterised as late-seral. (4) How might fire history and stand structure data from these two sites inform current management practices?
Methods

Study area
The islands of Big Pine Key (24842 0 N, 81822.2 0 W) and No Name Key (24841.4 0 N, 81819.2 0 W) contain the largest areas of pine rockland habitat in the Florida Keys (Fig. 2) . Because widespread mortality occurred in certain areas of Big Pine Key and No Name Key from recent tropical cyclones (Sah et al. 2010) , we focussed on habitat where we saw no visible signs of hurricane-induced mortality (e.g. trees tipped up or snapped off) that would possibly skew our stand structure data.
Slash pine stands in LFK rocklands are characterised by a monospecific pine overstorey, a diverse subcanopy of West Indian palms and shrubs, and a variety of endemic herbs (Sah et al. 2004) . Predominant palm and shrub species include saw palmetto (Serenoa repens), silver palm (Coccothrinax aregntata), brittle thatch palm (Thrinax morrisii), wax myrtle (Myrica cerifera), myrsine (Rapanea punctata) and poisonwood (Metopium toxiferum), and common herbaceous species include bluestems (Andropogen spp.), lopsided indiangrass (Sorghastrum secundum), pineland croton (Croton linearis) and partridge pea (Chamaecrista fasciculata). Pine rocklands provide an important habitat for several federal-and state-listed endangered species such as the Key deer, the lower Keys marsh rabbit (Sylvilagus palustris hefneri), Kirtland's warbler (Dendroica kirtlandii) and the Florida leafwing butterfly (Anaea troglodyta floridalis) (Snyder et al. 1990 ). The LFK region experiences a tropical savanna climate with hot summers (mean maximum August temperature ,328C), cool winters (mean minimum January temperature .198C) and consistent wet summer, dry winter seasons. Mean annual precipitation is 980 mm, with 80% occurring from May to November (National Climatic Data Center, www.ncdc.noaa.gov, accessed 19 October 2010) . On the rocklands, Pleistocene-aged Miami limestone is exposed at the surface and soil is thin to non-existent. The topography of Big Pine Key and No Name Key is relatively uniform and flat, and the elevation at both sites is ,2.4 m above sea level. Old-growth slash pine stands still exist in the LFK because land development and logging were minimal in the early 20th century. The influence of humans on fire regimes before the NKDR was established is largely unknown because archaeological evidence from the LFK is limited, and the initial timing of human arrival and patterns of movement between and around islands is not well understood (Worth 1995) .
Study sites
On Big Pine Key, the Boneyard Ridge (BYR) site is a 75-ha tract of land that last burnt in a prescribed fire in 2009. Here, pine rockland habitat was characterised as early-seral based on Myers (2010) , with a minimal mid-storey palm and shrub component and a thin duff layer. The No Name Key (NNK) site is a 75-ha area that last burnt in 2003 by a small wildfire that was suppressed (D. Cohen, pers. comm., 2011) . Habitat at NNK was characterised as late-seral, with a tall broadleaf and mid-storey component and a nearly continuous and welldeveloped duff layer. At BYR, which contains a higher diversity herbaceous layer than does NNK, predominant species have a sparse distribution due to poorly developed soil and extensive rock outcroppings. Since 1957, late-season prescribed burns were conducted at BYR in 1977 and 2009 , and at NNK in 1992 (Bergh and Wisby 1996 D. Cohen, pers. comm., 2011) .
Fire history
Cross-dated fire scars identified in living trees and remnant woody material (snags and logs) were used to reconstruct fire history (return interval, fire season, relative spatial extent) in slash pine stands at the BYR and NNK sites. We used a targeted sampling design to sample trees that contained the greatest number of well preserved fire scars distributed as broadly as possible over each site (Guyette and Stambaugh 2004) . We used a chainsaw to remove partial cross sections from living trees and full cross sections from remnant material (Arno and Sneck 1977) . In the laboratory, standard dendrochronological methods were used to sand each fire-scarred sample to a high polish (Orvis and Grissino-Mayer 2002) , then cross-date the annual growth rings of each fire-scarred sample against reference chronologies developed at each site (Stokes and Smiley 1968) . Accuracy of cross-dating was verified using the computer program COFECHA (Holmes 1983; Grissino-Mayer 2001a) . The calendar year of each ring that contained a fire scar was recorded as the fire date and the season of each fire occurrence was estimated by examining the intra-ring position of each scar. The seasonal intra-annual growth dynamics of slash pine in the LFK is different than defined for the pine species first used to classify fire scar seasonality in the south-western United States (e.g. Baisan and Swetnam 1990) . Therefore, fire scar positions were classified as: (1) early (earlywood); (2) transition (earlywood-latewood transition zone); (3) latewood (in latewood); and (4) dormant (ring boundary). We based this classification on previous results from northern Florida by Huffman et al. (2004) , and results from Langdon (1963) and Harley et al. (2012) that suggest slash pines form earlywood from February through June, latewood from July through November, and are dormant during December and January.
Estimates of relative fire extent were based on the percentage of samples that recorded a fire. Composite fire scar chronologies were used to calculate fire return intervals for fire years recorded by any sample, $25% of samples and $50% of samples. We used FHX2 software to generate mean fire interval (MFI) statistics, as well as Weibull median probability intervals (WMPI) (Grissino-Mayer 2001b). Because fire interval data are more likely to be positively skewed rather than distributed symmetrically, the more flexible Weibull distribution can provide a more accurate measure of central tendency than can arithmetic mean (MFI). To compare the MFI statistics for the settlement and fire-management periods at each site, Student's t-tests were calculated. We considered the settlement period to extend from European-American settlement of the Florida Keys until the establishment of the NKDR (c.1840-1956) (Williams 1991) . The fire-management period, characterised by wildfire suppression and prescribed burning by NKDR personnel, extended from 1957 to 2010.
Stand structure
We randomly established twenty 0.04-ha circular plots (radius ¼ 11.25 m) at each site to document stand structure. In each plot, we recorded diameter at breast height (DBH; ,1.4 m above the surface) for all stems $5-cm DBH, and tallied all slash pine seedlings (,1-m height) and saplings (.1-m height and ,5-cm DBH) to quantify stand size structure. We cored all living slash pines in the plots at a height of 30 cm to evaluate stand age, recruitment and radial growth patterns. Tree cores were taken with a 5.15-mm-diameter Haglöf increment borer, with two radii extracted from each tree. In each plot, we also recorded DBH and decay class for all snags and logs to quantify the abundance of coarse woody debris and decay dynamics. Snags and logs were placed into one of four decay classes (1-4, with 4 being the most decayed) based on categories adapted from Maser et al. (1979) .
To characterise the density and openness of the overstorey tree canopy and understorey vegetation layer at each site, we used a spherical densitometer (Lemmon 1956 ), a concave spherical mirror engraved with a grid of squares. At each plot centre, we determined the number of squares not occupied by vegetation, which resulted in the percentage of overhead area not occupied by canopy (which included both overstorey pines and understorey palms). To further describe the understorey palm layer, we used a 10-factor wedge prism to estimate the basal area of palm stems (height $1.4 m) at each site.
Tree cores were dried, mounted and sanded to a high polish (Stokes and Smiley 1968; Orvis and Grissino-Mayer 2002) , and tree age was assigned based on the innermost growth ring for cores that contained the pith. Because the annual growth rings of slash pine often contain intra-annual density fluctuations (false rings; Harley et al. 2011 Harley et al. , 2012 , we randomly selected 30 cores from each site to statistically cross-date against the reference site chronologies (Grissino-Mayer 2001a). We used these chronologies to assist in visually cross-dating each core using the list method (Yamaguchi 1991) . We applied an age correction to cores that missed the pith based on the curvature of the innermost rings with pith estimators that represented different growth rates (Applequist 1958) . Slash pine seedlings undergo a tussock-like ('grass') stage for 2-5 years (Menges and Deyrup 2001) ; hence, these data should not be considered the absolute establishment year of trees. To control for the potential imprecision in establishment dates, we constructed age structure graphs using 10-year bins (Villalba and Veblen 1997; Wong and Lertzman 2001 .
Results
Fire history at Boneyard Ridge
Our fire reconstruction at BYR spanned 1707-2010 (Fig. 3) . We were able to cross-date 36 of 50 fire-scarred samples collected, and identified 224 fire scars recorded in the growth rings of the samples that represented 45 unique fire events. During the period 1707-1851, 14 fires occurred at BYR but the number of samples was low. Hence, the period of reliability for our fire reconstruction spanned c.1840 to 2010. During this period, our reconstruction revealed eight widespread fires ($50% scarred) at BYR, of which five occurred before the NKDR was established. After 1957, the three widespread fires that were recorded (1977, 1990, 2004) were prescribed burns conducted by fire management personnel. The fire reconstruction included every known fire at the site since 1957.
The interval distributions for all fires at the site were positively skewed, with more short intervals (3-6 years) between fires, and the Weibull median probability interval (WMPI) was shorter than the MFI (Fig. 4) . Although the MFI during the settlement and fire-management periods were similar, temporal differences between them were statistically significant (P , 0.05, t-test; Table 1 ). We were able to classify fire seasonality for 98% (n ¼ 219) of the fire scars; 68% (n ¼ 149) of fires occurred in the latewood, and 32% (n ¼ 70) at the transition between earlywood and latewood.
Forest structure at Boneyard Ridge
We inventoried 158 trees in the 20 BYR plots. We applied an age correction to 27% of plot cores at BYR and the average age correction for cores that did not contain pith was 5-6 years, with a maximum correction of 9 years on three samples. Density of trees $5-cm DBH was 395 stems ha À1 and total basal area was 8 m 2 ha À1 ( . Snag and log densities were similar to that of live trees; however, the total basal area of snags and logs was markedly lower than of live trees ( Table 2 ). The diameter structure of all live trees from small class sizes to large class sizes revealed a pattern typical of a regenerating stand (Fig. 5) . Individuals were represented well from the smallest (5-10-cm DBH) to the 20-25-cm DBH class size. At BYR, the majority of coarse woody debris was in an advanced state of decay (Fig. 6) .
The oldest trees established c.1870, after which recruitment increased steadily through the 1940s (Figs 3, 7) . Recruitment decreased during the 1950s, concurrent with the start of the fire management period and the NKDR establishment. Seedlings and saplings were ubiquitous at BYR ( Fig. 3; Table 2 ). We found a strong relationship between diameter and age (R 2 ¼ 0.77, P , 0.0001; Fig. 7 ). The two largest diameter individuals recorded were 28.0-and 28.4-cm DBH, and were established in 1887 and 1891. The two oldest trees, which established in 1878, had DBH of 21.0 and 26.0 cm. Moreover, we found many young trees (stems $5-cm DBH) that established since c.1990 (Fig. 7) .
Fire history at No Name Key
Our fire reconstruction at NNK spanned 1779-2010 (Fig. 3) . We were able to cross-date 32 of 52 fire-scarred samples collected from NNK, identifying 105 scars that represented 20 unique fire events. The period of reliability of the NNK fire reconstruction spanned c.1850 to 2010 due to low sample depth before this period. After the 1850s, the majority of fires included in our reconstruction scarred over 50% of trees. Since the NKDR was established, we documented the one prescribed burn that was conducted at NNK (Bergh and Wisby 1996) . Boneyard Ridge (BYR) P Fig. 3 . Fire history and age structure by decade for No Name Key (NNK) (top) and Boneyard Ridge (BYR) (bottom). Each horizontal line (solid line, recorder years; dotted line, non-recorder years) represents a fire-scarred sample and vertical bars denote fire events. Recorder years represent the span of years in which a tree can subsequently record fires after initial scarring. Non-recorder years include those that formed before scarification or after basal wounds completely heal. Establishment per decade for all trees (stems $5-cm DBH) at each site is plotted with total seedling (,1-m height) and sapling (.1-m height, ,5-cm DBH) density per hectare. The prescribed burns that occurred since National Key Deer Refuge establishment are indicated by the letter 'P'.
Fire and forest structure in Florida Keys pine rocklands Int. J. Wildland Fire E The MFI for fires of different extents varied less at NNK than at BYR, indicating that fires were more consistently widespread. The interval distributions for all fires at NNK were less positively skewed than at BYR, with longer intervals (9-11 years) between fires. The MFI for small to intermediate-sized fires (9 years) was shorter than for widespread fires (11 years) and the WMPI was shorter than the MFI (Fig. 4) . We found no significant difference in MFI between the settlement and firemanagement periods (P . 0.05, t-test) for this site (Table 1) . We classified seasonality for 90% (n ¼ 94) of the fire scars; 75% (n ¼ 70) occurred in the latewood and 25% (n ¼ 24) at the transition between earlywood and latewood.
Forest structure at No Name Key
At NNK, we inventoried 156 trees in 20 plots. We applied an age correction to 31% of plot cores at NNK and the average age correction for cores that did not contain pith was 5-6 years, with a maximum correction of 8 years on one sample. Density of trees $5-cm DBH was 195 stems ha À1 and total basal area was 6 m 2 ha À1 ( Table 2 ). The diameter structure at NNK was unimodal, and not indicative of a regenerating stand; hence, the number of individuals represented in the smallest size class (5-10-cm DBH) was low (Fig. 5) . The understorey vegetation was denser and the canopy was less open than at BYR. Palms occupied 1836 m 2 ha À1 and on average, only 40% of the overhead area was not occupied by understorey shrubs and palms ( Table 2 ). Density of snags was lower than that of logs, and densities of live trees and logs were similar. Total basal area of snags was markedly lower than live trees, but logs and live trees occupied similar areas (Table 2) . Compared with BYR, coarse woody debris was more abundant, comprised a larger area of the forest and was less decayed (Fig. 6) . The oldest trees established c.1890, with recruitment per decade that gradually increased from 1900 to the 1950s, then decreased markedly in the 1980s (Figs 3, 7) . Unlike BYR, seedlings and saplings were nearly absent at NNK. The relationship between diameter and age was less pronounced than at BYR, but still statistically significant (R 2 ¼ 0.62, P , 0.001; Fig. 7 ). Among the two sites, the largest diameter trees were found at NNK, with two individuals measured at $40.0-cm DBH. Although these trees were large, they were younger than individuals at BYR. The four oldest trees in the stand, all established by 1892, ranged in size from 32.0 to 42.6-cm DBH (Fig. 7) .
Discussion
Historical fire regimes of the LFK
Researchers have long appreciated the role of frequent fire in maintaining pine stands in the south-eastern United States (Mattoon 1922; Chapman 1932; Garren 1943; Komarek 1974; Platt et al. 1988; Frost 1998 ). In the LFK, BYR burnt more often during the settlement period and fire events had greater spatial variability (i.e. both patchy and widespread fires occurred) compared with NNK. Fire history data from NNK revealed that fires generally burnt less often and over larger areas, as indicated by the number of fires that scarred $50% of sampled trees. At BYR, we found a significant difference in the MFI and scarring percentage between the settlement period (4 years; 32%) and the fire-management period (7 years; 56%). We attribute the decrease in frequency to fire suppression and the increase in scarring percentage to the prescribed burns that were conducted at BYR in 1977, 1990, 2000, 2004 and 2009 , as these events account for nearly all the fire activity since 1957 at the site. The prescribed burns conducted at BYR during the fire-management period, especially within the last decade, resulted from NKDR efforts to increase fire activity at the site.
The fire scars in our reconstructions were most commonly found in the latewood zones of annual growth rings, and suggest fires at both sites were most common later in the growing season. In South Florida, the majority of thunderstorms and lightning strikes occur from May to October, and previous studies in the Everglades found that the largest lightning-caused fires occurred during this time (Taylor 1981; Duever et al. 1994; Beckage et al. 2003) . Bergh and Wisby (1996) hypothesised that Big Pine Key was historically the most fire-prone island in the LFK because it has the largest land area; a similar island-size effect has been shown by several other studies (e.g. Bergeron 1991; Niklasson et al. 2010) . The larger size of Big Pine Key (compared with No Name Key) likely resulted in a higher frequency of lightning strikes per thunderstorm during the summer wet season, a scenario that could explain the varied fire frequency and spatial extent found between the study sites. Based on the abundance of mid-to late-season fires found at both sites, we propose that the majority of historical fires were most likely ignited by lightning. In northern Florida, Huffman et al. (2004) found that the majority of historical fires in a barrier island slash pine forest burnt during the growing season, with a few occurring during the dormant season. Unlike Huffman et al. (2004) , we found no evidence of dormant season fires at our pine rockland sites. Some research on Big Pine Key has shown that winter fires increase the growth rates and survival of endemic herbs , leading to the idea that these herbs evolved under a regime of dormant season fires. However, considered it unlikely that historical fire regimes included only winter fires, an interpretation supported by our results that show dormant season fires to be only a minor component of the historical fire regime.
Influence of fire on forest structure
Over the past ,150 years, the frequency and spatial extent of fire at BYR and NNK differed markedly. Establishment data (Figs 3, 7 ) demonstrated uneven-aged stands at both sites, and we found no evidence of cohort establishment indicative of a major disturbance (i.e. storm surge, stand-replacing fire, logging). Alternatively, the age structures of trees at both sites show periods of high and low recruitment, and our regeneration data (e.g. seedling and sapling counts) appear to be linked with fire occurrence. The prescribed burns during the 2000s facilitated the ample regeneration seen today at the BYR site, a structural component that was nearly absent at NNK. The different historical fire return intervals at the two sites produced distinct structural conditions, but the varying fire management practices (prescribed burns) at both sites have modified structural conditions during recent decades. Since the establishment of the NKDR in 1957, one prescribed burn was conducted at NNK, while five occurred at BYR, mostly since 2000. In comparison to NNK, the renewed prevalence of fire at BYR resulted in more regeneration and recent recruitment and less fuel (coarse woody debris).
The absence of recent fire at NNK allowed the development of a dense layer of palms and shrubs that eventually began to prevent pine regeneration and recruitment, as pines in general are intolerant of shade. Our results agree with those of Gilliam and Platt (1999) , who studied the effects of fire on the structure of old-growth longleaf pine savannas. They concluded that excluding fire altered structural conditions by allowing hardwoods to occupy the gaps between longleaf stems that are normally maintained by recurring fire. Similarly, because of the lack of recent fire, pine rockland at NNK is currently being taken over by tropical hardwood species, as indicated by our stand structure data. The successional pathway of an open canopy pine forest to a closed canopy hardwood forest is a process estimated to take 50 years in the LFK (Alexander and Dickson 1972) . Snyder et al. (1990) commented previously on the variation in understorey density between Big Pine Key and No Name Key. They reported that the majority of rockland on Big Pine Key contained a sparse understorey layer of shrubs and palms low in height, and a surface scantly covered with grasses. In contrast, rockland on No Name Key was composed of a dense, nearly continuous hardwood understorey 6 m or more high. Our data suggest that even though NNK has experienced historically less fire than BYR, pines were recruiting since at least the 1890s until the 1980s. However, since the comparison presented by Snyder et al. (1990) 20 years ago, lack of recent fire at NNK has likely further increased the density of understorey vegetation and prevented pine regeneration and recruitment. Given the successional trajectory presented by Alexander and Dickson (1972) , the current density of understorey vegetation, and the lack of recent recruitment, pine stands in rockland habitat at NNK are likely to succeed to hardwood hammock, if fire is not reintroduced at a frequency similar to that of the settlement period.
The ecological model for the NKDR pine rocklands (Fig. 1 ) incorporates the desired future condition preferences of land managers and agencies. Current and future management decisions in the NKDR will be made based on the desire to have 70% of pine rockland habitat characterised at the earlyseral stage, 20% at the mid-seral stage, and 10% at the late-seral stage. Our fire and structure data from BYR and NNK agree with some of the model parameters, but revise others. Structural data from BYR revealed the stand to be at the early-seral stage (as defined by Myers 2010) , which is the most desired successional stage for habitat in the NKDR (70%). The BYR fire history reconstruction revealed a fire return interval of 6 years, which is within the 2-7-year maintenance fire interval range for earlyseral stage habitat. The NNK (late-seral stage habitat) fire history reconstruction revealed a fire return interval of 10 years, which is more frequent than the late-seral stage fire return interval range proposed in the model (16-25þ) . Rather, the 10-year fire return interval found in the late-seral habitat at NNK was within the fire return interval range for the mid-seral stage (8-15 years). Fire history and stand structure data from NNK demonstrate that pine rockland habitat can progress to the late-seral stage with a fire return interval of 10 years. Moreover, the fire return interval and stand structure data indicate that habitat at NNK during the settlement period was likely late-seral and conditions at the site were likely denser than the open canopy forest found at BYR. If the desired future condition of NNK is late-seral stage habitat, fire should be prescribed at the site with an interval of ,10 years. In this light, however, the amount of fuel amassed in the absence of fire might present a quandary for land managers.
Conclusions
We demonstrated that dendroecological analyses of slash pines can reveal both natural processes and management practices responsible for the documented successional pattern in pine rockland communities in southern Florida, especially during the late 20th century. The goal of our study was to determine how historical fire disturbance and varied fire management practices influenced stand structure and dynamics in globally endangered, old-growth pine rockland communities in the LFK. The structure of the BYR stand demonstrated that prescribed fire can be used to sustain structural features (density, basal area, fuel loads) characterised as early-seral. An attempt to reintroduce prescribed fire and maintain late-seral conditions at NNK, if desired by NKDR personnel, will be complicated by the density of understorey vegetation and the amount of course woody debris that has accumulated during the past several decades. Implementing prescribed fires that do not become crown fires that kill overstorey pines will be a daunting task for land managers, perhaps requiring initial manual clearing of understorey fuels. The fire history and stand structure characterisations we produced for Big Pine and No Name Keys testify to both the past success of prescribed fire as a management tool and the difficulty of initiating this management tool in long-unburnt pine rockland stands of the Florida Keys. Our results are applicable to other areas of pine rockland habitat, where managers are increasingly focussed on using prescribed fire to maintain pine rockland habitat. Additional fire scar and stand structure data (including increased sample depth during the 18th and 19th centuries) from neighbouring islands in the lower Florida Keys, southern mainland Florida and the Bahamas are needed to reliably determine regional fire regimes in pine rocklands.
